Introduction
Recently there has been considerable interest in the chemistry of bimetallic metallocenes with bridged cyclopentadienyl ligands C,R,-(X)-C,R,, mainly because of the high catalytic activities of titanocene derivatives of these ligands for Ziegler-Natta type polymerization [2] . The bridge 'x' stands for either a simple C-C bond, i.e. a fulvalene ligand [3] , a one-or two-carbon bridge [4] or heteroatomic groups like S, PR or SiMe, [5] or even an organometallic fragment like Cp2M with M=Ti, Zr, Hf [6] . Special cases are obtained, when two cyclopentadienyl rings are bridged by a double SiMe, bridge [7] or when three [8] or even four [9] rings are combined in this manner. Usually, the remaining 'substituents' in the bridged cp ligands are just hydrogens. Since on one hand, halogen substituents on a phenyl ring labilize the bond of this ring to silicon [lo] , while they stabilize on the other hand a-bonds to transition metals, e.g. of the titanium triad [11] , some interesting effects can be expected by introducing halogen substituents on a cyclopentadienyl ring in such complexes. Is there a stabilizing effect of the halogens in 'ortho' positions on the metal-carbon a-bond? Does the steric effect of Cl or Br substituents allow the formation of two a-bonds to two different cymantrenyl residues? Will the a-bonded metal remain in the cyclopentadienyl ring plane or will it be shifted away from it, and, if so, will there be any interaction between u-and r-bonded metals? As part of our studies on the coordination chemistry of perhalogenated cyclopentadienyl complexes, we decided to examine the reactions of lithiated perhalocymantrenes with SiMe, Cl, and Cp,MCl, (M =Ti, Zr, Hf) .
Results and discussion
When [C,Br,]Mn(CO),
[12] and a hexane solution of butyl lithium are mixed at -78 "C, instantaneous formation of '[C,Br,Li] We also tried to prepare the corresponding zirconium and hafnium compounds.
When Ia was reacted with Cp,ZrCl, in a 1:l and a 2:l ratio, similar observations could be made as with the titanium compound, but no products could be isolated or characterized besides WUWn(CO)3 and Cp,ZrCl,. In the 1:l reaction of Ia and Cp,HfCl, a product 6 can be obtained, which has the expected composition [C,Cl,HfCp,Cl]Mn(CO), according to its analytical data. 6 dissolves m acetone-[D6] quite well, but it gradually decomposes and no 13C NMR spectra could be obtained.
In conclusion it can be stated that a-metallocenyl complexes of the titanium triad are slightly stabilized by the introduction of halogen substituents on the ucyclopentadienyl ring, but this effect is not at all comparable to the stability that is created by a ChF, ligand [61.
Molecular structures of 2 and 5
The results of the crystal structure determinations of 2 and 5 are depicted in Figs. 1 and 2. In the silicon bridged compound, both cyclopentadienyl rings deviate only slightly from planarity (mean deviations 0.01 and 0.003 A) and form a dihedral angle of 81" with each with the consequence that one half of the molecule is generated by space group symmetry operations from the other. The C,H, and the C,Cl,Ti ring are both planar with mean deviations of 0.006 and 0.01 8, from the best planes and include an angle of 53" with each other. The two $-rings at titanium form a 129.3" angle. In III, the latter angle is 128.1", only slightly different.
However, the angle between the u-and r-coordinated Cp rings is 96.3" in III and this shows a significant effect of the Cl substituents on the relative orientations of these rings. Another interesting feature of the structure of 5 is the close to parallel orientation of the C,Cl,Ti ring with the 'other' symmetry related C,H, ring (dihedral angle 4.6"). The distance of the titanium atom to the (+-bonded Cp ring is 2.295(5) 8, much longer than the 2.207(2) 8, observed in III, while the Ti-C,H, distances are about the same in both complexes. Also the C-Ti-C (1) Br (2) Br (3) Br (4) s1 WM) C(2M) C(6) C (7) C (8) C (9) C (10) Br (5) Br (6) Br (7) Br (8) Mn (2) (15) 1210 (18) 2056 (14) -172(15) -779(14) 461 (15) 1783 (S) 1433 (15) -1377(2) -2750(2) 360 (2) 3760(2) 2820(4) 1701 (17) 4509 (16) 3650 (14) 4512 (15) 5212(13) 491 l(14) 3964 (14) 4788 (2) 6565 (2) 5732 (2) 3377 (2) 2680 (2) ( 14) 2573 (2) 3555 ( 17) 4152 (13) 2662 ( 18) 2688 ( 15) 4030 ( 18) 4988 (14) 393 (14) 833 (13) 1617(14) 1694 (14) 878 (14) -784(2) 313 (2) 2356(2) 2526 (2) 450 (4) 335 (16) 1712(16) (8) 8363 ( 10) 8479 (9) 7821 (8) 8635 (8) 9222 (8) 8793 (8) 7892 (8) 6842(l) 8891(l) 10422 ( 1) 9370 (l) 7024 (2) 5959 (8) 7235 (9) 7020 (8) 6323 (8) 6573 (7) 7407 (7) 7677 (7) 5291(l) 5955(l) 8091(l) 8807 ( 1) 6591 (l) 7186 (8) 7562 (7) 5629( 10) 5008(7) 6301(9) 6151 (7) 44(l) 67 (7) 89 (6) 68 (7) 95 (7) 59 (7) 89 (6) 43 (5) 38 (5) 42 (5) 43 (5) 45 (5) 62(l) 59(l) 58(l) 57(l) 42(l) 56 (6) 58 (6) 38 (5) 42 (5) 36 (5) 37 (5) 42 (5) 56(l) 58(l) 57(l) 50(l) 41(l) 51(6) 77(5) 54(6) 78(5) 61 (7) 75 (5) angle m 5 is 112.4(2)", quite different from the value of 88.6" observed in the unchlorinated analogue. The Ti atom is shifted by 0.626 A out of the C,Cl, ring plane away from the Mn(CO), group, which is nearly double the amount which is observed in III. The distance between Ti and the two Mn atoms is 4.29 A, much too long for any interaction between the metals. The closest Cl-Cl distances within one ring range from 3.32 to 3.40 A, while the closest contact between two chlorine atoms in different rings is 3.26 8, (C14C14a). The other structural features in 5 are quite normal. Table 2 lists the fractional atomic coordinates and the equivalent isotropic temperature factors.
Experimental
All reactions were carried out under nitrogen using the usual Schlenk tube technique, with absolute nitro- Mn(CO), [12] ). The butyl lithium solutions used were 1.6 M in hexane. Chromatographic purifications were performed using silica gel 60 (Merck). The crystal structures were determined on a Syntex-Nicolet R3 diffractometer, using MO Ka radiation with a graphite monochromator in wscan technique. The software used for data processing, structure solution and refinement was the SHELXTL PLUS 4.11/V program package. The experimental details are summarized in Table 3 (see also 'Supplementary material') .
(1) To 20 ml of an ethereal solution of [C,Br,]Mn(CO), (2.0 g, 3.3 mmol) is added BuLi solution (2.1 ml, 3.3 mmol) with stirring at -75 "C. After 30 min SiMe,Cl, (0.40 ml, 3.3 mmol) is added, and the mixture is allowed to warm up to ambient temperature overnight. Then the solution is evaporated to dryness in zxxuo. The residue is extracted with 20 ml hexane for 10 min and the extract is chromatographed on silica gel that had been pre-treated with SiMe,Cl. The eluate is evaporated to about one third in mzcuo and cooled down to -20 "C. 1 can be isolated as yellow needles in high purity (0.20 g, 10%) (further evaporation and refrigeration of the mother liquor yields about 1 g of a less pure product, which still can be used for further reactions without any problems). Anal. Calc. for C10H6Br4-ClMnO,Si: C, 19.62; H, 0.99. Found: C, 19.73; H, 1.29%. 
